An automated inspection system has been developed to inspect the o-ring sealing surfaces on the Space Shuttle reusable solid rocket motor (RSRM) case segment joints. A laser digitizing system is used to create a three dimensional map of the o-ring sealing surfaces. This data is analyzed for any irregularities, which are noted for further inspection and disposition. This paper describes both the hardware and the software used to gather data as well as the methods developed to analyze the data.
INTRODUCTION
This paper describes a unique application of a laser digitizing system. The system was created to inspect the o-ring sealing surfaces of the RSRM field joints. A combination of commercial and in-house hardware and software was used for the system. This system is known as CAJSIS (Computer Aided Joint Seal Inspection System). The data gathered by CAJSIS is used as a screening tool to identify areas for additional inspection and measurement.
After each shuttle flight the RSRMs are recovered and refurbished.
Part of the refurbishment process involves inspecting and reworking the o-ring seal surfaces.
Reworking involves blending any corrosion pits, scratches or anomalies to meet specification requirements.
CAJSIS measures the size and location of reworked areas. The result is a full 360°map of the sealing surfaces. The CAJSIS data is verified by hand inspection and used to assure that the reworked areas meet specifications so that the o-rings will operate properly during motor operation.
CONCLUSIONS
The CAJSIS system is a good screening tool for finding pits on the RSRM sealing surfaces. When used in conjunction with hand measurements it provides a system that is less subjective and more repeatable than hand measurements alone. CAJSIS also maintains a history of the seal surface measurements for tracking purposes.
CAJSIS saves many hours of manual labor by identifying areas for further measurement. The alternative to CAJSIS is a full manual inspection of the sealing surfaces which is time consuming and prone to error.
DISCUSSION
The discussion will first cover some background on the RSRM field joint, followed by the operation of CAJSIS and then a detailed description of the CAJSIS hardware.
Finally results and error analysis will be discussed.
Background
The RSRM field joint is a tang and clevis type joint with a capture feature to reduce joint rotation (see • Pinhole cameradetermines angular location.
• Safety systems -Light curtain, manual emergency stops, breakaway feature.
Laser System
The laser XYZ scan table ( 
Data Analysis
The data analysis software calculates the size, shape and depth of a pit. Pits are defined as material missing from the unaffected surface. The challenge is to define the unaffected surface. The software algorithm curve fits the measured data to estimate the unaffected surface. This surface is subtracted from the measured surface to obtain the pit measurements.
The first step is to calculate the local curvature of the case. The raw data is curve fit using a non-biased least squares curve fit. 1 Pits or noise in the data affect the curve fit, therefore points which are furthest from the curve fit are removed and the data is refitted. This is done three times. Each scan line of a 5 inch scan is curve fit separately. This avoids the effects of the system fixture not being perfectly perpendicular to the scan surface plane.
The raw scan data for one scan line and the final curve fit is shown in Figure 7 . The elliptical arc appearance of the data is a plotting artifact due to the different scales on the X and Y axes. This particular scan line covers great number of pits also tend to be more difficult to filter and can be underestimated by 1.0 to 2.0 mils.
Estimation of the unaffected surface is the key to the filtering process.
Once the curve fit has been found it is subtracted from the raw data. The data for each scan is stored in a database that is accessible on a local web server. Figure 9 shows a typical data plot from the web server. This plot shows the pit depth versus the angular location. The case segment shown has been scanned twice. The previous scan data is plotted along with the current data.
Error Analysis
The accuracy of the system is affected by both hardware and software. On the hardware side, both the laser and X'YZ table report measurements to 0. lmils.
The error will be greater than this. Unfortunately the only independent data that could give any insight to the 5 American Institute of Aeronautics and Astronautics r. ,'t r!!T! 7., tTl tl.
Figure 9 -Pit depths and locations for 2 scans of the same case segment Figure 10 shows the difference between CAJSIS and hand measurements over a series of 104 segments for the tang seal surface. Negative numbers mean that the hand measurement was deeper than the CAJSIS measurement.
There are six pits shown in figure 10 where the hand measurement is more than 2 mils deeper than the CAJSIS measurement. Four of these pits are axially on the lower edge of the scan region and the maximum depth was not within the scan region. CAJSIS reported the maximum depth within the scan region. The other two pits are underreported by CA.ISIS due to the presence of another deeper pit at the end of the scan lines.
error is a limited set of hand measurements. The hand measurement data is only reported to the nearest rail.
The average hand measurement is 0.2 mils deeper than the CAJSIS measurements. This may simply be due to hand measurements being reported to the nearest mil.
Starting in 1997 hand measurements have been taken for all the pits deeper than a defined limit with a minimum 8 measurements on each seal surface.
CAJSIS is used to identify which pits to measure. The hand measurements are made using various tools depending on the seal surface to be measured, What they all have in common is that the operator must compare a measurement of the pit to a measurement of an unaffected area. As with CA.ISIS the determination of the unaffected area is difficult at times.
The 3-sigma standard deviation of the difference between the hand and CAJSIS measurements is 1.9
mils. It is difficult to attribute the error to either measurement since there is some uncertainty in both the CAJSIS measurement and the hand measurements. 
Part Number
The measurement variation for CAJSIS is similar or better than hand measurement variation. However, there are significant outliers in the CAJSIS data. In all instances examined, these outliers were the result of CAJSIS overestimating pit depth in regions having multiple pits. Since CA.ISIS is used as a .screening too/ for further measurements this is acceptable.
Changes in the filtering techniques may improve pit measurement accuracy in densely packed areas.
However, these techniques are still under development and have not yet been implemented on the production system. 
References

